Neisseria meningitidis group X occurs in human carrier populations and is rarely implicated in serious disease. This organism possesses a capsular group antigen which is an acidic polysaccharide. It is composed of the amino sugars, glucosamine, glucosamine-6-phosphate, galactosamine, and the simple hexose, glucose. The group X capsular antigen has an s2o,w of 3.6, and the acidic nature of the polysaccharide is reflected in an isoelectric point of 3.65. The meningococcal A, B, C, and Y polysaccharide group antigens are also composed primarily of amino sugars. The chemical composition of the group X antigen most closely resembles the capsular antigen of N. meningitidis group Y, which is also predominately a carrier organism.
The role of meningococcal capsular antigens in the pathogenesis of clinical infection is not known. The frequency with which Neisseria meningitidis causes serious diseases varies significantly with the serotype. N. meningitidis groups A, B, and C are most commonly involved in human infection (4, 5, 33) . The group X meningococcus is found in the carrier state but is rarely implicated in disease (5) . The physicochemical properties of four group antigens, A, B, C, and Y (3, 18, 19) , were described and were shown to be acidic polysaccharides composed primarily of amino sugars. The group X capsular antigen was isolated (23) . This report describes studies which demonstrate that this antigen is also an acidic polysaccharide composed of glucosamine, glucosamine-6-phosphate, galactosamine, and glucose.
MATERIALS AND METHODS
Organisms. Clinical isolates of N. meningitidis group X organisms were obtained from nasopharyngeal cultures during a carrier surveillance program. All organisms were meningococci by cultural and biochemical criteria and typed specifically with Communicable Disease Center (CDC) group X antisera. Antisera. N. meningitidis group X-specific rabbit antiserum was obtained from the CDC, Atlanta, Ga.
Antigen. The group X capsular polysaccharide was isolated by the method of Robinson and Apicella (23) . This consisted of the serial processes of ammonium sulfate precipitation of 18-hr broth supernatant fluids of group X organisms, followed by the alkali digestion, ethanol precipitation, and molecular-sieve chromatography. Alkali digestion was performed by adjustment of the pH of the antigen mixture to 11 for 1 hr at 25 C.
Chenical analysis. Antigen samples for analysis. were dialyzed against distilled water, lyophilized, and dried over P205 under vacuum for 48 hr. Colorimetric assays for pentoses were done by the method of Dische (10), 6-deoxyhexoses by the cysteine-sulfuric acid reaction (12) , hexoses by the anthrone method (27) , and heptoses by the method of Dische (11) . Hexosamines were estimated by the method of Rondle and Morgan (24) , with glucosamine-hydrochloride treated under similar conditions as standard. Acetylation of the group X antigen was done by incubating (at ambient temperature): antigen, 250 ug; water, 100 ,uliters; pyridine, 50 uliters; and acetic anhydride, 200 Aliters. After volatilization of pyridine under N2; the acetylated antigen was dried in vacuo over P205, hydrolyzed under optimal conditions for hexosamines, and assayed by the Rondle-Morgan method. Nacetyl hexosamines were estimated by the methods of Aminoff et al. (1) , with N-acetylglucosamine (Sigma Chemical Co.) as standard. For studies of hexosamine and N-acetyl hexosamine content, antigen was. hydrolyzed at 100 C in vacuo for 0.5, 2, 3, 6, and 24 hr. Colorimetric analysis was performed on each hydrolysate. 2-Keto-3 deoxy sugar acids were detei mined by the method of Warren (35) . Uronic acids were determined by the Carbazole method (7) . Organic and inorganic phosphorus were determined by the method of Chen et al. (9) , and total nitrogen APICELLA AND ROBINSON alcohol-pyridine-water (6:4:3) or pyridine-ethyl acetate-acetic acid-water (5:5:1:3), and detected with aniline diphenylamine, Morgan-Elson, or 1% ninhydrin spray reagents.
Gas-liquid chromatography of carbohydrates. Gasliquid chromatography was done on a Barber Colman model 5000 chromatograph equipped with a hydrogenflame ionization-detector, electrometer with 10-12-amp sensitivity, Honeywell recorder, and disc integrator. Unless otherwise stated, determinations were done isothermally at an oven temperature of 160 C with a nitrogen carrier gas flow of 45 ml/min, on 6-ft (1.8 m) U-shaped glass columns of 1% (w/w) polymer, on 100/120 mesh Gas Chrom-Q (Regis Chemical). The O-trimethylsilyl derivatives of both sample and standards were prepared by the method of Sweely and Walker (31) . The methanolysis conditions for 2-to 4-mg samples and standards were 2 N methanolic HCl for 6 to 24 hr at 100 C. For identification of hexoses, hydrolysates were passed over amberlite CG-45 and Dowex 50-X4 columns (10 by 1 cm) to remove amino sugars, and were dried under N2 before silylation. The methyl glycosides were identified by relative retention times and also by reference to an internal standard, L-fucose, with designation of an atbitrary value of 1.0 to a-glucose. Co-chromatography with standards derived under identical conditions was also done. Injection sample volume was 1 to 4 ,.diters.
Amino acid analysis. Ion-exchange chromatography for determination of hexosamines and amino acids was carried out with a Spinco automatic analyzer by a modification of the method of Spackman et al. (29) . For the determination of hexosamines, 2-to 4-mg samples of antigen were hydrolyzed in vacuo for 0.5.
2, 3, 4, 6, and 24 hr in 2 N HCl at 100 C. Analysis of the antigen for amino acids was performed by hydrolysis of 2 to 4 mg of antigen in vacuo in 6 N HCI at 110 C for 24-, 48-, and 72-hr periods.
Treatment with enzymes and periodation. Attempts to alter the physical and antigenic structure of the group X polysaccharide were made with 2%o (w/w) trypsin (Worthington Biochemical Corp.) in 0.05 M tris(hydroxymethyl)aminomethane (Tris), pH 8.1, 0.015 M CaCl2 overnight, and with 2% (w/w) Pronase (Calbiochem) in phosphate-buffered saline, pH 7.2, for 2 hr. Both digestions were done at 37 C. Periodation was carried out by the addition of an equal volume of 0.04 M sodium metaperiodate to group X antigen, maintaining the mixture in the dark at room temperature for 24 hr (17) . Immunological studies performed on these preparations included immunodiffusion against CDC group X antisera (22) , direct passive hemagglutination, and hemagglutination inhibition (13) .
Inhibition studies. Studies were undertaken in an attempt to inhibit interaction between the group X antigen and its specific antisera by glucosamine hydrochloride, galactosamine hydrochloride, and glucosamine-6-phosphate (Sigma Chemical Co.) in hemagglutination and immunodiffusion systems. The technique used was a modification of the method of Ullmann and Cameron, with the sugars present in concentrations up to 0.2 M (32). The ratio of inhibiting sugar to antigen in the hemagglutinating studies was approximately 100:1. The antigen sample placed in the wells of the immunodiffusion system was 100 ,ug in 20,uliters of phosphate-buffered saline.
Endotoxin assays. Assay for endotoxin was done by both the chicken embryo assay (28) and by attempts at induction of the local Schwartzman phenomena in rabbits, using the group X antigen as either a preparative or provocative agent in doses up to 200 Mg. Physical studies. Sedimentation velocity studies for calculation of s°2,w were performed in the model E ultracentrifuge with schlieren optics (25) 3 hr at 100 C), Rondle-Morgan analysis for hexosamines was 30% of dry weight. Acetylation of the antigen, followed by hydrolysis, increased the hexosamine yield to 46.5 % of dry weight. The presence of an acetyl group has been shown to increase hexosamine yields during acid hydrolysis (21) . Thin-layer chromatography demonstrated the presence of glucosamine, glucosamine-6-phosphate, and galactosamine. N-acetyl-glucosamine and N-acetylgalactosamine were not present on thin-layer chromatography. Figure 1 shows the results of amino acid analysis studies of the timed hydrolysis of the antigen with 2 N HCI. Glucosamine, glucosamine-6-phosphate, and galactosamine were also present by this method. There was a marked decrease in recoverable hexosamines after 3 hr of hydrolysis, which appeared to be a function of the components of the polysaccharide itself, since standards treated under the same conditions showed only a 15%, loss during the first 6-hr period. Another a Measurement of the amino sugars is based on ion-exchange chromatography using an amino acid analyzer. Optimal hydrolysis time both for amino sugars and glucose is 3 hr in 2 N HCI at 100 C in an evacuated tube. Glucose is measured by gas-liquid chromatography.
, mole/mg peak was present on amino acid analysis which could not be identified by the available standards. This eluted at 25 min, just prior to the glucosamine-6-phosphate, and appeared at all hydrolysis times. The phosphorus present in the antigen was organically bound, and the ratio of,moles of phosphorus to nitrogen was 0.79. This indicated that while all hexosamines in the antigen could not be phosphorylated, a greater percentage were probably phosphorylated than the analysis revealed. The timed hydrolysis curves (Fig. 1) did not demonstrate conversion of glucosamine-6-phosphate to glucosamine during acid hydrolysis. However, loss of phosphate groups from hexosamines during hydrolysis might occur, and this may be an explanation for a low yield of phosphorylated hexosamines. Three amino acids, threonine, serine, and glycine, could also be detected in trace amounts at all three hydrolysis times designated for amino acids. Optimal hydrolysis occurred at 24 hr. These amino acids constituted less than 0.5% of the dry weight of the antigen. They were present after treatment of the antigen with Pronase and after rechromatography over P-200. In addition to the amino sugars mentioned above, hexose was also present in the antigen. Total hexose by the anthrone method was 8.3% of the dry weight. Glucose could be unequivocally identified on gas-liquid chromatography and was 4.65 % of the dry weight when measured by this method. The moisture content of this preparation was compatible with that found in studies of other polysaccharide polymers (6, 20) . Electrophoresis in acrylamide gel demonstrated that the group X preparation contained a single band which stained for carbohydrate alone (Fig. 2) . The conditions in this system (pH 11.6) might cause denaturation of any protein present; therefore, samples of the group X antigen have also been subjected to electrophoresis in a more conventional acrylamide electrophoresis system using 0.01 M Tris-hydrochloride (pH 8.6). These gels failed to reveal any bands when stained for protein with Coomassie blue or for carbohydrate with alcian blue. The sedimentation velocity experiments reveal a single component with a s20t0 of 3.6. Treatment of the antigen with Pronase or trypsin had no effect on either the sedimentation velocity or acrylamide-gel electrophoresis. Electrofocusing was done with a pH 3 to 5 polyelectrolyte buffer. Antigen was identified by hemagglutination inhibition, and the peak occurred at a pH of 3.65. The antigen precipitated at the isoelectric point but redissolved upon dialysis of the sample to pH 7. Immunological studies demonstrated that direct passive hemagglutination, hemagglutination inhibition, and immunodiffusion studies using CDC group X antisera were not altered by Pronase or trypsin treatment of the antigen, FiG. 2 . Acrylamide-gel electrophoresis of the group X antigen in a 6% cyanogum gel. Buffer is 0.01 M, pH 11.6, sodium formate. Sample was subjected to electrophoresis at 6 ma/gel for 45 min and stained with 0.5% alcian blue in 7% acetic acid.
whereas periodation destroyed all antigenicity in the above systems. Inhibition of group X antigen-antisera interaction could not be achieved by the addition of up to 0.2 M glucosamine, glucosamine-6-phosphate, or galactosamine in either hemagglutination or immunodiffusion systems. Previous serological studies demonstrated that this antigen did not cross-react in immunodiffusion, hemagglutination, or complement-fixation systems specific for meningococcal group A, C, or Y (23) .
Bioassays indicate that the preparation is essentially free of endotoxin. The minimal lethal dose in 11-day-old chicken embryos is 5.0 ug.
In this same system, doses of 5 x 10-3 jig of salmonella endotoxin are lethal. In attempts at induction of local Schwartzman in rabbits, the group X antigen did not act as either a provocative or preparative agent in doses up to 200,g. DISCUSSION The capsular antigen of N. meningitidis group X is an acidic polysaccharide containing glucosamine, glucosamine-6-phosphate, galactosamine, and glucose. Previous immunological studies (23) indicate that this antigen contains only one component. The presence of a single band on acrylamide gel, which stains only for carbohydrate, and the single component in the analytical ultracentrifuge, further confirm this observation. Therefore, the physicochemical studies in this paper represent the properties of a single biopolymer rather than a heterogeneous mixture of polysaccharides. In addition to the sugars mentioned above, amino acid analysis indicates the presence of an additional unidentified component which elutes just prior to glucosamine-6-phosphate at 25 min. Amino acid derivatives such as sulfones and sulfoxides of methionine also elute in this region, but the paucity of amino acids and the absence of methionine, in particular, make these unlikely. This peak might represent one of the more unusual amino sugars present in bacterial cell walls, which Steele et al. (30) demonstrated can be identified by amino acid analysis. The phosphorus to nitrogen ratio indicates that a greater percentage of hexosamines are phosphorylated in the native antigen than our analysis reveals. Based on this observation, it is our assumption that this unidentified peak may represent an additional phosphorylated amino sugar.
Colorimetric analysis and thin-layer chromatography fail to reveal the presence of N-acetyl hexosamines. This does not preclude the possibility that O-acetylated hexosamines are present in the isolated antigen, or that the naturally occurring polysaccharide contains both 0-and N-acetylated hexosamines, and that alkaline hydrolysis during isolation removed these acetyl groups.
Three amino acids are present in very low concentrations in this preparation. Their presence after Pronase digestion and rechromatography over P-200 suggests that (i) they are bound directly to the carbohydrate and are resistant to the enzyme, (ii) they are part of a Pronaseresistant peptide contaminating the preparation, or (iii) they are free amino acids bound non-.covalently to the macromolecule. Treatment of the antigen with Pronase or trypsin has no effect on any of the antigenic or physical properties of the molecule. As would be expected with a polysaccharide antigen, periodation destroys the antigenicity of the preparation in both hemagglutination and immunodiffusion systems. The _pI of 3.65 reflects the acidic nature of this antigen due to the presence of phosphate groups. The relationship between charge and degree of hydra--tion in polysaccharides and glycoproteins has been reviewed by Apffel and Peters (2) . The group X capsular polysaccharide, despite its sedimentation coefficient of 3.6, elutes at the void volume of P-200. The moisture content and the degree of negative charge suggest that hydration shells surround the antigen, excluding it from the molecular sieve. Inhibition of immunoprecipitation and hemagglutination fail to occur when the respective amino sugars present in the antigen -are added to these systems. A similar finding occurs with the group C and Y antigens and suggests that chain length or a configurational site, or a combination of both, is important in the antigenic determinant (3). Chicken embryo assays and attempts at induction of local Schwartzman phenomena, in addition to the absence of keto deoxy sugars and heptose, indicate that there is essentially no endotoxin in the preparation.
The role of the capsular antigens of N. meningitidis in the pathogenesis of clinical infection is uncertain. However, in animal models and man, bactericidal antibody directed chiefly against these antigens has been shown to be protective (14, 26) . The results of this paper, when compared with chemical studies on other N. meningitidis group antigens (3, 18, 19) , indicate that the -chemical nature of the capsule might be important in determining the disease potential of the particular serotype. The group A capsular antigen is composed of D-mannosamine phosphate, and the principle polymer constituent of N. meningitidis group B and C antigen is N-acetylneuraminic acid (3, 18, 19) . In some meningococci, it has been shown that N-acetylmannosamine is .an immediate precursor to N-acetyl-neuraminic acid (8) , and it has been suggested by Liu et al. (18) that the mechanisms relating to this biochemical conversion might be lacking in the group A organism. A more preliminary step in biosynthesis of N-acetylneuraminic acid in bacteria is the conversion of N-acetyl-D-glucosamine-6 phosphate to N-acetyl-D-mannosamine-6 phosphate (36). It is interesting to speculate that the primarily carrier organisms X and Y (5, 15, 33) lack the ability to make this conversion as the group A, B, and C organisms have done and produce capsular antigens (composed primarily of glucosamine and galactosamine) which render them less invasive to the human host.
